During 2007-2008, surveillance of transmitted human immunodeficiency virus (HIV) drug resistance (TDR) was performed following World Health Organization guidance among clients with newly diagnosed HIV infection attending voluntary counseling and testing (VCT) sites in Ho Chi Minh City (HCMC), Vietnam.
Moderate (5%-15%) TDR to nonnucleoside reverse-transcriptase inhibitors (NNRTIs) was observed among VCT clients aged 18-21 years. Follow-up surveillance of TDR in HCMC and other geographic regions of Vietnam is warranted. Data generated will guide the national HIV drug resistance surveillance strategy and support selection of current and future first-line antiretroviral therapy and HIV prevention programs.
As of 2010, Vietnam had an estimated human immunodeficiency virus (HIV) prevalence of 0.29% and 254 000 individuals living with HIV [1] . The epidemic is concentrated in most-at-risk populations, with an estimated prevalence of 18.4% in injection drug users and 3.7% in commercial sex workers in 2009 [2] .
As of April 2010 [3] , Ho Chi Minh City (HCMC) reported the most cumulative cases of HIV infection (n 5 49 552), AIDS (n 5 25 711), and AIDS-related deaths (n 5 8175) in Vietnam, with a reported HIV prevalence of 568/100 000 compared with a national prevalence of 187/100 000 [4] . Notably, HCMC accounts for 50% of HIV patients receiving antiretroviral therapy (ART) in Vietnam; as of April 2010, 22 218 patients were receiving HIV care and treatment services at 20 clinics citywide, including 15 796 patients receiving ART [3] . Data from HCMC, including historical reports of suboptimal treatment of many patients, have led to concern among ART program planners regarding possible transmission of HIV drug resistant virus to newly infected individuals [5] [6] [7] [8] . Additionally, anecdotal reports indicate that some individuals receiving ART continue to inject drugs; therefore, it is theoretically possible that if these individuals have drug-resistant HIV, it may be transmitted to previously HIV-uninfected individuals. As a result of these concerns and in support of routine programmatic monitoring of ART scale-up, the United States President's Emergency Plan for AIDS Relief (PEPFAR) Vietnam funded a collaboration between the National Institute for Hygiene and Epidemiology, the HCMC AIDS Committee, and the US Centers for Disease Control and Prevention (CDC) to conduct surveillance of transmitted HIV drug resistance (TDR) to inform program managers about issues related to ART scale-up and to provide information for planning future HIV drug resistance (HIVDR) surveillance activities.
METHODS
Transmitted HIV drug resistance surveillance was performed in HCMC from October 2007 to February 2008 using the World Health Organization (WHO) TDR survey method [9] , which classifies TDR in specific geographic areas of a country where it is likely to be observed first. The method uses truncated sequential sampling to classify TDR prevalence to specific drug classes as low (,5%), moderate (5%-15%), or high (.15%) using #47 consecutively collected specimens.
Participant Inclusion Criteria
Recruited clients were attending voluntary counseling and testing (VCT) sites, were aged 18-21 years, and reported antiretroviral drug (ARV) naiveté on a questionnaire. Age and ARV naiveté were criteria used to maximize the likelihood that individuals included in the analyses were recently infected, thus maximizing the probability that detected HIVDR was in fact transmitted. The survey received nonresearch determination from the CDC.
Site Selection
Six VCT sites in HCMC (VCT sites in Districts 1, 2, 4, 8, and 10 and in Binh Thanh), funded by PEPFAR in collaboration with the HCMC AIDS Committee, were selected because of their capacity to provide an adequate number of eligible clients and for convenience in specimen collection and transportation.
Specimen Collection Procedures
At the 6 VCT sites, routine procedures included pretest counseling and verbal consent for HIV testing. All testing was anonymous but linked through a unique client code. During the period of this survey, in addition to the routine VCT questionnaire, clients who were aged 18-21 years were asked if they had been exposed to ARV anytime in the past using pictures of ARV pills as an aid. If a client reported ARV naiveté, VCT counselors asked the client to participate in the TDR survey using an amended consent. If the client agreed, 5 mL of blood was collected. Both plasma and dried blood spot (DBS) specimens were obtained. The DBS specimens were collected, stored, processed, and transported per WHO guidance. The DBS and whole-blood specimens were transported to the HIV laboratory at the HCMC Preventive Medicine Center, where plasma was prepared and aliquotted into 3 tubes of 0.5 mL each within 72 hours after blood collection. Plasma and DBS specimens were stored at 280°C until shipment on dry ice to the WHO-accredited HIVDR testing laboratory at the CDC in Atlanta, Georgia.
HIVDR Testing
Genotyping was performed using a broadly sensitive assay [10] , and specimens were genotyped according to the order of the date and time of the blood draw. Transmitted HIV drug resistance mutations were determined using the 2009 WHO TDR mutations list embedded within the Stanford HIVDR Calibrated Population Resistance tool [11, 12] .
RESULTS

Survey Population
From 4 October 2007 to 20 February 2008, 4466 clients received services at the 6 VCT sites, including 4341 who were tested for HIV. Of the clients who were tested, 679 (15.6%) were aged between 18-21 years and thus eligible to participate. Among the 679 eligible participants, 539 (79%) agreed to participate, and 91 of those 539 were confirmed HIV positive. Among the 91, 13 were subsequently excluded from the TDR survey: 5 reported previous ARV exposure, 2 had insufficient blood drawn for HIVDR testing, 4 declined to participate, and 7 were not approached for consent. Therefore, 73 clients were included in the survey. Seventy-two matched plasma and DBS specimens and 1 plasma-only specimen were available for genotyping.
Genotyping of Plasma Specimens and Presence of TDR Mutations
All 73 plasma specimens were successfully genotyped as described above. Following the WHO survey method, the first 47 consecutive specimens were analyzed for the presence of TDR mutations. No specimen had nucleoside reverse-transcriptase inhibitor (NRTI) mutations, specimen 23 had non-NRTI (NNRTI) mutations (Y181C and G190A), and specimen 24 had a protease inhibitor (PI) mutation (F53Y). Using the WHO TDR survey method, TDR to NRTIs, NNRTIs, and PIs was classified as low (,5%) ( Table 1) .
When all 73 plasma specimens were analyzed, 5 were found to have TDR mutations: 1 had a PI mutation (F53Y), 1 had an NRTI mutation (M184MV), 2 had NNRTI mutations (1 Y181C and G190A, and 1 K103KN), and 1 specimen had both NRTI (D67N, K70R, M184V, T215F, K219EQ) and NNRTI (K101E, G190CS) mutations. Point prevalence estimates with 95% confidence intervals are reported in Table 1 .
Amplification and Genotyping of DBS Specimens
Of the 72 plasma-matched DBS specimens, 69 (96.0%) were successfully genotyped. Among the first 47 consecutively collected specimens, specimen 23 had the NNRTI mutations Y181C and G190A and specimen 24 had the PI mutation F53Y, as seen in matched plasma specimens; however, specimen 47 had the NNRTI TDR mutation P225H/P, which was not identified in the matched plasma specimen. Overall, this S344 d CID 2012:54 (Suppl 4) d Duc et al also translated to a low prevalence of TDR to NRTI and PI but moderate prevalence of TDR to NNRTI. Specimens with HIVDR were cross checked with epidemiological data to verify no previous pregnancy if the participant was female. Point prevalence estimates with 95% confidence intervals are reported in Table 1 . The genotyping concordance rate for the first 47 matched plasma and DBS specimens was 97.9%.
Notably, when the 69 matched plasma and DBS specimens were analyzed, 5 TDR mutations were identified in both plasma and DBS specimens; however, the distribution of TDR mutations differed between plasma and DBS specimens: 1 plasma sample had the M184MV mutation, which was not detected in the DBS specimen, and another DBS specimen had the P225HP mutation, which was absent in plasma.
DISCUSSION
Overall Results and Interpretation of Drug Mutations
A previous TDR survey conducted in Hanoi, Vietnam among VCT clients in 2006 demonstrated TDR ,5% for all drug classes [13] , and studies of ART-naive persons in HCMC [8, 14] and the north of Vietnam [15, 16] using different methods have documented low rates of TDR, although some studies report multiclass-resistant virus. Using plasma specimens, this survey in VCT attendees in HCMC documented low prevalence of TDR (,5%) to all drug classes. However, when DBS specimens were used, the prevalence of NNRTI TDR was classified as moderate (5%-15%) and multidrug-resistant virus was detected. In HCMC, the transmission of drugresistant HIV may be due to several factors, including the widespread use of ARVs in the private sector (especially before ART program scale-up in 2005), where suboptimal regimens or ART adherence can lead to treatment failure and acquired drug resistance, and, to a lesser extent, injection drug use, which may be associated with suboptimal adherence and acquired drug resistance.
The Vietnam Ministry of Health's Guidelines for Diagnosis and Treatment of HIV/AIDS recommend NNRTIs be part of the first-line regimens, and up to 97% of patients receiving ART currently receive an NNRTI-based regimen [17] . The moderate NNRTI TDR observed in this survey is therefore consistent with the common use of NNRTIs (ie, efavirenz, nevirapine) in Vietnam. The observed case of dual-class TDR may have been due to inclusion of a client who had not disclosed previous ARV exposure or may in fact have been true TDR; however, inclusion of this specimen does not alter the low prevalence classification for plasma specimens but does change the NNRTI TDR prevalence from low to moderate (5.8%) when all 69 DBS specimens are analyzed. The moderate TDR prevalence classification observed in this survey using DBS specimens necessitates action to raise awareness among treatment sites to support and optimize patient adherence and identify early treatment failure among patients who have a history of prior suboptimal ARV use. Additionally, results should raise concern among ART program managers in HCMC and prompt investigations into programmatic indicators associated with acquired drug resistance and TDR, such as population-level ART adherence, rates of loss to follow-up and retention at treatment sites, and ARV drug supply quality and continuity. Finally, because of these findings, a follow-up TDR survey in HCMC began in October 2011; results should help program managers better track trends in TDR.
Genotyping From DBS
The high amplification success rate and high concordance in genotyping results between plasma and DBS specimens support the use of DBS specimens as a sample source for future surveys and studies. The collection of DBS specimens is technically simpler and less time-consuming, and it requires less blood. Moreover, specimens can be transported at ambient temperature. Although genotyping results from matched plasma and DBS are highly concordant in the current survey and other reports, studies demonstrate that concordance between plasma and DBS is not always 100% [18, 19] . In this survey, we were able to genotype 96% of the plasma-matched DBS specimens. Two factors that may have contributed to failure to amplify from DBS in this survey include low viral load and poor quality of DBS due to the high ambient temperature and humidity in HCMC.
When the WHO TDR prevalence classification method was applied, the prevalence of NNRTI TDR differed between plasma and DBS specimens because an NNRTI mutation was detected in 1 DBS specimen and not in the corresponding plasma specimen. Mutation differences could arise from archived proviral DNA in genotypes obtained from DBS [19] . Nonetheless, a correlation was observed between the prevalence classification using the WHO survey method and point prevalence estimates using all 73 specimens genotyped. Drug classes with low prevalence by the WHO survey method had point prevalences of ,5%, and classes with moderate prevalence by the WHO method had point prevalences of 5%-15% (Table 1) . Because of the small sample size (total number of specimens collected, N 5 73), our confidence intervals were wide, suggesting little added value in the collection of large numbers of specimens to classify TDR beyond the sample size of #47 recommended by WHO. The WHO method also consumes less time and resources, an advantage in resource-constrained contexts such as Vietnam.
Limitations of This Survey
Survey results are subject to potential limitations, including the relatively high rate (21%) of refusal to provide informed consent among those eligible to be included in the survey. If these clients had TDR, this could have affected the classification. In this survey, where additional blood was required, client refusal may have been unavoidable; therefore use of remnant diagnostic specimens in future surveys would be expected to increase the participation rate. In addition, this survey was performed at only 6 of a total of 20 VCT sites in HCMC; therefore, participants may not represent the entire population receiving HIV testing in HCMC. Inclusion of more sites in different districts may have provided better representativeness and shortened the specimen collection phase. Finally, results from this survey should not be generalized to all of Vietnam, given the different levels of access to and scale-up of ART throughout Vietnam's 63 provinces.
CONCLUSIONS
The prevalence of TDR to NRTI and PI in HCMC, Vietnam was found to be low (,5%), whereas the prevalence of TDR to NNRTI was moderate (5%-15%). Follow-up surveys in the same geographic area and expansion to other areas should be considered and implemented to provide ART program planners with a more complete picture of current and future TDR trends in Vietnam.
Notes
